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Abstract
Educational technologies are not homogeneous. This chapter proposes a 
framework to categorize various technologies in the K-12 educational setting into 
groups of operational technologies and pedagogical technologies by whether they 
directly participate in the process of teaching and learning. Furthermore, pedagogi-
cal technologies are split into tool-based and program-based technologies based 
on whether they are teacher-driven tools or algorithm-driven learning programs. 
Efficient adoption of tool-based technologies requires a redefinition of learning 
goals to embrace student-centered education. Program-based technologies need 
more research to be fully understood and improved, and current ones are under-
researched and fail to engage and motivate students to learn.
Keywords: educational technologies, pedagogical practices, teaching and learning, 
artificial intelligence
1. Introduction
In 1994, when computers had just begun to be accessible to regular classrooms, 
an article titled “Why Use Technology?” was published [1]. The authors, Kyle Peck 
and Denise Dorricott, began the article by asking the question “If we removed all 
of the computers from schools tomorrow, would it make a big difference in the 
knowledge and skills students demonstrated upon graduation?” They answered, 
“Probably not.” In the minds of Peck and Dorricott, the introduction of computers 
in K-12 schools did not create an electronic highway of accelerated learning but 
rather a dirt road without clear expectations or purpose. More than two decades 
have passed, and in that time, technological progress has surpassed anyone’s 
imagination. Technologies are more capable, diverse, and accessible than ever. 
However, if we ask the same question again, we believe the answer is still no. This is 
probably because the pace of school reform is far behind the pace of digital prog-
ress. The techniques and tools that are used by today’s teachers to achieve learning 
goals are not fundamentally different from the ones used in previous decades [2]. 
Teachers use Google Docs to replace printed worksheets and documents, use videos 
and PowerPoints to replace handwriting and drawing on backboards, use text 
messages as an alternative to traditional communications, and use digital student 
records instead of hard copies. Based on a 2017 report on a national survey, the 
aforementioned uses of technologies have comprised the most popular educational 
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technologies in the US K-12 education [3]. Other more creative uses of technolo-
gies—such as guiding students to do digital investigations, creating videos of les-
sons, and making a class blog to enhance discussion—are much less popular among 
teachers (see Figure 1) [3]. Apparently, technologies have not fundamentally 
changed the activities of teaching and learning; neither have they brought much 
innovation into classrooms. It is true that technologies have been well integrated 
into science and engineering majors in higher education and now effectively help 
adults to fulfill self-learning through online courses on Coursera or EdX, for exam-
ple. But somehow there is a decade-long struggle surrounding technology adoption 
in K-12 education. In order to make a breakthrough, we will take an in-depth look 
into current technologies that have been used in the education context and attempt 
to categorize them in relation to pedagogical practices. Thereafter, we will study 
factors that affect the use of technologies in different categories as well as explore 
the following questions: Can technology replace teachers? How can we take full 
advantage of the power of technology to improve teaching and learning in the age 
of digitalization and artificial intelligence?
2. Categorization of educational technologies
Digital technologies are very diverse—different technologies have unique 
functions and features that are distinct from one another, and hence, generalization 
should be avoided when studying the use of technology in any field. Unfortunately, 
most current studies on technology in the field of education regard them as a 
singular concept without making any distinctions among different kinds of tech-
nologies—as if all technologies are homogeneous. To correct this widespread and 
long-lasting oversight, we will attempt to categorize technologies that have been 
employed in educational settings.
2.1 Pedagogical technologies vs. operational technologies
Educational technologies can be categorized into two groups: pedagogical 
technologies and operational technologies. The first category refers to technologies 
that can be utilized in the process of teaching and learning. For example, teachers 
use PowerPoint presentations to deliver effective instruction, and students use the 
Internet to conduct independent research. Those technologies in the aforemen-
tioned uses are pedagogical technologies. The second category refers to technologies 
that are not directly involved in learning and teaching activities; instead, they 
assist in the operative or administrative part of teachers’ work, such as using email 
Figure 1. 
Percentage of K-12 teachers engaged in the use of technologies in the USA. Note: Data source from Project 
Tomorrow’s 2017 Report [3].
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to communicate with colleagues and using an online data management system 
to keep student records. Those two categories are not completely distinct from 
each other. They could have some slight overlaps. For example, teachers can use 
some online learning management platforms to both keep assignment grades and 
simultaneously deliver feedback to students. Technologies are also interchangeable 
between the two groups—when Word is used to produce learning materials, it is a 
pedagogical technology, and when used to write work reports, it is an operational 
technology. The human use of technologies defines their essence. This categoriza-
tion should only be considered in relation to a specific technology or a technological 
element under a specific use. It is hard to say which category of technologies is more 
popular in educational settings. It is also difficult to demonstrate which ones have a 
greater impact on teachers’ daily work. But, for the purpose of this chapter, we only 
focus on technologies that directly influence teaching and learning—pedagogical 
technologies.
2.2 Tool-based technologies vs. program-based technologies
The process and resources needed for teachers to adopt technologies are quali-
tatively different across different kinds of technologies [4]. Countless individual 
technologies can be employed in pedagogical practices, and pedagogical technolo-
gies can be further categorized into two large groups: tool-based technologies and 
program-based technologies.
Tool-based technologies are the ones not specifically designed for education. 
They are merely tools that have been widely used in various fields, such as the 
Internet, Smartboards, and Microsoft Office, among others. Most technologies that 
have been widely used and studied in educational settings belong to this category. 
They came into education decades ago as society underwent digitalization. Tool-
based technologies require teachers, either as individuals or as groups, to innovate 
and come up with designs and ideas to implement them in various teaching and 
learning activities.
Program-based technologies, on the other hand, are the ones that are specifi-
cally designed for pedagogical purposes with premade learning content delivered 
through algorithm-enabled instruction, such as learning games and online per-
sonalized learning programs that use artificial intelligence to give each student 
individualized academic exercises. They are often developed by companies and 
large not-for-profit organizations. They give classroom teachers less control over the 
design and content. They are designed to replace considerable portions of teach-
ers’ traditional work, such as delivery of instruction. Teachers and schools tend to 
focus on managing the logistics for the implementation of such technologies to fit 
into their learning goals. Program-based technologies are relatively new, emerging 
with the advancement of artificial intelligence. These technologies have received 
tremendous attention, largely due to Silicon Valley’s increasing interest in this field. 
For example, Facebook founder Mark Zuckerberg, through his Chan Zuckerberg 
Initiative, developed the Summit Learning Program to promote online personalized 
learning of core subjects of grades 4–12 [5].
Digitalized contents, such as e-books, slide shows, YouTube videos, TED Talks, 
and online curricula teachers create or download online for self-learning or assist-
ing teaching activities, are still considered tool-based technologies, despite their 
pre-made educational contents. They are created using tool-based technologies 
and rely on teachers to design their classroom use. The same logic applies to some 
learning management platforms that have been widely adapted, such as Canvas 
and Blackboard, to help teachers to assign homework and more effectively maintain 
online learning materials and students’ records. Although they are made specifically 
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for educational purposes, they represent an integration of traditional technological 
tools to assist teachers instead of being designed to replace teachers’ pedagogical 
functionalities (Figure 2).
3. Adoption of tool-based technologies
Most studies on teachers’ use of technology refer to the use of tool-based tech-
nologies. Teachers’ successful adoption of this kind of technology, for themselves 
to either motivate students or deliver instructions more efficiently or for students 
to engage in learning activities using technology, depends on three crucial factors: 
professional support, teachers’ attitude, and learning goals.
The use of tool-based technologies in educational settings highly depends on 
teachers’ competency to innovate and design. A misconception is that the introduc-
tion of technological tools to schools is equivalent to the introduction of educational 
technologies. On the contrary, teachers tend not to innovate when technologies are 
provided [6]. Teachers need to develop knowledge and skills to employ technologi-
cal tools for educational purposes. Therefore, adequate professional support is 
needed, so teachers will be able to master the effective use of technologies specifi-
cally within a classroom setting. Teachers who have received professional develop-
ment are more proficient in using technologies and are more likely to use them, 
whereas without professional development, teachers are not only less proficient but 
also likely to resist integration of technologies [4, 7]. Unfortunately, educational 
technology training is lacking in teacher preparation programs in universities 
[8]. Thereafter, in the teaching field, the majority of teachers only receive <8 h of 
professional development on educational technology annually [9].
A successful professional development program needs to pay attention to both 
its content and its format. It should contain content knowledge in three areas [10]:
1. Knowledge about technological tools: technical knowledge that helps teachers 
to become equipped with skills to use hardware and software
Figure 2. 
Categorization of educational technologies.
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2. Technology-supported pedagogical knowledge: specific knowledge and skills 
that teachers need to learn that help them to use technology to design materi-
als, deliver instructions, or engage students to achieve the learning goals in 
specific academic domains
3. Knowledge about technology-related classroom management: knowledge giv-
ing teachers insight into students’ reaction in a tech-infused learning environ-
ment, for example, how to prevent students from using the devices and the 
Internet to do inappropriate activities in disguise.
The effectiveness of such a program is closely tied to a school’s ability to develop 
a supportive learning community [7, 11, 12]. Professional development programs 
on educational technologies work less efficiently when they are only content- and 
knowledge-based; communication and interaction are of high significance [10]. A 
successful professional development program should be a place where:
1. Teachers can discuss their tangible and immediate needs related to the use of 
technologies [7, 13].
2. Teachers can share successful examples of the use of technologies in real 
educational settings [14, 15].
3. Teachers can have opportunities to work with knowledgeable peers [11].
4. Teachers have adequate time to explore the technologies on their own [4, 16].
Learning with real examples in the field created by peers has been proven to 
be essential in professional development. This is also true of teacher preparation 
programs. Preservice teachers who have real in-school experience learning about 
technologies in real educational practices are more likely to succeed [8, 14, 15, 17, 
18]. To leverage the power of tool-based technologies in teaching and learning, 
educational technology training should be very content-specific—for example, how 
to use the visual features of PowerPoints to demonstrate abstract geometry concepts 
in math classes and how to guide students to make an online survey in social studies. 
It is crucial that teachers do not receive vague information in professional develop-
ment but rather have opportunities to discuss and learn specific techniques to assist 
immediate pedagogical needs with peers.
Teachers’ attitude toward the effectiveness of technology affects the adoption of 
tool-based technologies as well. Such effects can be played out on both personal and 
interpersonal levels. Teachers who individually believe technologies will help them 
conduct better education are more likely to succeed at using them [15, 16, 19, 20]. 
Many of these teachers believe that technologies can help to better engage students, 
introduce project-based learning, help students access more information, and 
enhance communication and collaborative learning [21–23]. However, it is common 
for teachers to hold negative impressions toward the use of certain technologies, 
which makes it harder for them to integrate those technologies [19, 24, 25]. This 
situation often happens when teachers are not given sufficient information and 
training to learn the specific benefits of technologies, which leads them to worry 
about risking educational resources and teaching time to integrate unnecessary or 
potentially detrimental technologies [26, 27]. Additional common negative atti-
tudes among teachers include fear of losing control over technologies, technological 
misfunction and lack of IT support, and concerns about the lack of time to adjust to 
new pedagogical practices, risking student test scores [26–28].
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On the interpersonal level, experienced teachers’ attitude toward technology 
significantly influences young professionals’ impressions about technology. When 
experienced teachers exhibit a more positive and welcoming attitude toward 
technology, that often translates into a school culture that embraces technology and 
encourages teachers to support one another in terms of developing and designing 
learning programs that take specific advantage of technology [24, 25]. Moreover, 
a positive attitude among teachers also translates into positive attitudes toward 
education among students and better learning engagement [29].
Research also shows that teachers who believe technologies can help them 
transform from lecture-based learning to student-centered learning are more likely 
to welcome technologies [21, 23]. Therefore, the foundation provided by a school’s 
learning goals, often reflected in institutional policy as well as practice, also signifi-
cantly affects teachers’ adoption of technologies [7, 16, 30]. Teachers tend to avoid 
technologies if they believe technologies, even if helpful, deviate from the school’s 
learning goals [31]. For example, teachers may believe certain technologies can help 
students to do collaborative projects, but given the limited time and pressure from 
standardized testing, teachers may choose to teach to tests instead of integrating the 
technologies for new learning tasks.
Our current education model was largely invented for and defined by the 
Industrial Revolution, designed to meet the need of massive labor demand with 
standardized skill sets [32]. The advantage of technology has been restricted by the 
nature of our traditional education paradigm, where teaching and learning occur 
in a mechanical way with learning goals aimed at the mastery of knowledge. This 
learning goal can be very often achieved by traditional pedagogical techniques 
that do not require technological integration, such as direct instruction. Therefore, 
teachers often do not see the need to use technologies to conduct education in 
an efficient way to help students to achieve learning outcomes set by graduation 
standards and measured by standardized testing [1]. On the other hand, teachers 
are likely to have a positive impression of technology if they believe in constructiv-
ist learning [33, 34]. From a constructivist perspective, technology can serve as 
a powerful tool for both teachers and students to conduct research, assist in self-
directed learning, and design and produce media-infused projects. Indeed, teachers 
tend to increase the use of technology if the learning goals are set up to be student-
centered and project-based, focused on high-level skills such as creativity, research, 
and critical thinking [7, 21].
3.1 A need to redefine learning goals
Fundamentally, technologies should be offered as a way to achieve schools’ 
learning goals, and the question we should ask is: What can we do now with tech-
nology that was not possible before? [1]. However, very often, we do not have an 
identified problem in education that we hope technologies can help us solve, and we 
do not have a clear goal or expectation about how technology should be positioned 
in education to help with our learning goals [35]. We realize that technologies are 
something good to have, and it seems irresponsible if we fail to harness this power 
for education. Therefore, we have introduced technologies into schools, without 
changing any of our traditional practices, in an effort to enact their great potential. 
Instead, what we have largely done is carve out some tiny spaces for technology to 
fit into the traditional learning paradigm. If we go into a classroom, we will find out 
that the most popular technologies in schools are projectors, document cameras, 
and smartboards. Those technologies are helpful, but not necessary; the func-
tions they perform could be done adequately before we had technology. Teachers 
who see technologies merely as supplemental tools for instruction are less likely to 
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successfully adopt them [7]. Technology in today’s school setting gives teachers a 
third hand. It is something good to have, as it allows teachers to accomplish some 
tasks in a more convenient and efficient way [36]. However, its existence only 
brings quantitative difference without qualitative difference to the advancement 
of pedagogical practices [35]. Teachers who are experienced in teaching without 
technologies often do not see the necessity of having them [24, 25, 30]. Therefore, 
a true, successful adoption of tool-based technologies in education should start at 
the institutional level by redefining the learning goals that cannot be accomplished 
without technologies. For example, if our learning goals go beyond mastering of 
testable knowledge that can be obtained through direct instruction to creative and 
collaborative skills in project-based learning, we would arrange our class in such a 
way that students, under teachers’ guidance, could conduct research on the Internet 
and produce digital media such as videos and PowerPoint presentations.
Tool-based technologies are only as good as the way in which they are used 
by teachers. These technologies are not educational in nature but rather require 
teachers, through design and proper implementation, to transform technological 
tools into tool-based technologies that enhance teaching and learning. In the case of 
tool-based technologies, this adoption process is more important than the technolo-
gies themselves. Therefore, teachers are the key instead of machines, and teachers 
need to have the incentive and adequate skills to realize the process. Unfortunately, 
schools tend to spend tremendous resources to purchase and maintain equipment 
but often neglect to invest in helping teachers to adopt them [37]. The adoption 
process starts with redefining learning goals. Learning goals that demand less 
mechanical learning of content knowledge and value high-level skills—aligned with 
student-centered, constructivist learning and creative instruction—motivate teach-
ers to see the unique value of technologies and develop a positive attitude toward 
their use. Suitable learning goals set direction for professional development for 
both preservice teachers in universities and in-service teachers in the field. Positive 
attitudes create a solid foundation for a collaborative learning community to take 
place, which helps teachers to be equipped with sufficient content knowledge and 
Figure 3. 
Teachers’ adoption of tool-based educational technologies.
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skills for adopting technologies to assist pedagogical practices. An efficient and 
thorough change starts with redefining learning goals, which are hopefully initi-
ated top-down. The role of school leaders and experienced teachers is of the utmost 
importance (Figure 3).
4. Double-faced program-based technologies
With recent advances in technology, we have entered the Information Era, 
especially after the invention of the Internet. Technology made digitalized content 
become the main resource from which we gain information and knowledge [38]. If 
we think of learning as a broad, lifelong process, most knowledge we learn today is 
not in classrooms. With technology, we expand the learning environment, which 
means that learning is no longer restricted to formal classroom instruction. Some 
believe that if we focus solely on the work of passing information and knowledge, 
technology is probably able to replace some components of traditional teaching. 
Others predict that mobile learning will partially take the place of teachers [39]. 
Mobile learning has several advantages. First, technology makes information and 
knowledge more accessible, and students can access more enriched resources 
of information through mobile learning. Second, learning environments can be 
expanded, and as long as students can access technology, they can learn anything, 
anytime, and anywhere. Third, mobile learning allows students to customize learn-
ing [40]. Among all the expected benefits, personalization of education has stirred 
up the most hope—traditionally, dozens of students receive the same information 
from one teacher in a classroom. However, with technology, every student has the 
opportunity to learn topics that have been individually tailored. Using technolo-
gies to fulfill personalized education has recently attracted tremendous attention 
from Silicon Valley, fueled with hundreds of millions of dollars from the Chan 
Zuckerberg Initiative [5, 41]. A program developed out of this initiative is called 
Summit Learning, which has been collaborating with hundreds of US schools to 
implement its personalized learning programs. These programs deliver individual-
ized learning content of core academic subjects of grades 4–12, from a computer 
to a student, with the hope that students will study better with technologies than 
teachers [5]. These personalized learning programs are given to individual students 
based on an analysis of their learning attributes using an artificial intelligence algo-
rithm. In such programs, technologies and learning contents included have been 
predeveloped by technology companies that give teachers little autonomy over the 
balance of teaching between teachers and machines. Also, many aspects of how the 
algorithm works often reside in a black box, remaining largely unknown to teachers 
or researchers. Learning through these technological programs, or, in other words, 
program-based technologies, is a fundamentally different pedagogical practice and 
learning experience than the use of tool-based technologies, which are still largely 
driven by teachers. However, program-based technologies are primarily driven by 
digital programs.
4.1 The promise of program-based technologies
Although in the technology industry such distinction has been seldom made, 
the field of educational research has classified personalized education into two 
categories: outcome personalization and process personalization [42]. Outcome 
personalization gives students autonomy in the learning process. Many student-
centered, project-based learning programs are designed in such a way that students 
may design a project of their choice, while the education process helps students 
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to master necessary skills and knowledge to achieve the project. Outcome person-
alization is often filled by tool-based technologies, which give both teachers and 
students more creative power. However, most program-based technologies are used 
to fulfill process personalization, which gives students little choice over the learning 
process. Students are merely given customized learning materials selected based 
on computer algorithms, and the end goal of the process is to help students achieve 
standardized learning goals. In essence, program-based technologies could suffi-
ciently fit into the demand of the traditional educational paradigm that emphasizes 
mastering standardized knowledge and skills. If implemented well, program-
based technologies are expected to replace a considerable portion of teachers’ 
functionality.
Advocates for the use of program-based technologies in personalized education 
believe that technologies can do a better job than traditional teachers because these 
technologies can unremittingly monitor individual students’ learning progress 
and simultaneously provide learning contents that are most suitable to individual 
students’ habits and learning attributes [43]. With a highly sophisticated algorithm, 
big data, and a large pool of well-tailored contents, technologies are expected to 
have certain advantages over human teachers in terms of delivering more effective 
instruction to each student. Additionally, advocates believe that technologies are 
more economically efficient and more accessible than human teachers, which can 
help to scale up good education and improve equity and equalization in education 
[40, 43]. Finally, teachers could be liberated from the mechanical work of teach-
ing students basic knowledge and skills so they could be more focused on helping 
students with additional higher-level learning.
4.2 The problems of program-based technologies
Before using artificial intelligence for personalized learning, program-based 
technologies were largely made of learning games, with the hope that learning could 
be delivered in an attractive format. However, the downfall came when it became 
more and more clear that most educational games were not as attractive to students 
as regular computer games, and students easily lost interest over time [44, 45]. As 
a consequence, the interest in learning games has been gradually disappearing in 
the industry. Unfortunately, personalized learning technologies seem to share the 
fate of learning games—not only the fate of failure but also the specific inability to 
engage and motivate students in the learning process.
Very little research has been conducted on the effectiveness of Summit 
Learning’s personalized learning technologies; nor has there been much research on 
other program-based technologies on personalized learning [45]. Besides ques-
tionable learning outcomes, these technologies face tremendous challenges due to 
students’ negative reaction toward the learning experience under such programs. 
A study shows that students significantly feel less engaged in and experience less 
enjoyment in school due to lack of human interaction [46, 47]. Also, there have 
been news reports showing that personalized learning technologies face backlash 
among students and parents. Some students claim they feel they were like zombies 
sitting in front of computers all day long [41]. The intangible “joy” of learning, so 
often derived from human discussion and interaction, seems to be compromised 
by such programs. Overall, concerns about these technologies are as follows: they 
reduce students’ reported joy of learning; jeopardize students’ bond with teach-
ers, while a healthy relationship between children and adults is essential in their 
development; isolate students; encourage unhealthy competition by exposing the 
difference in students’ learning progress; and are prone to misuse of student data 
by big corporations [48]. With all these perceived negative images in the public 
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arena, it is not hard to assert that current efforts of using program-based technolo-
gies to conduct personalized education to replace teachers, represented by Summit 
Learning, will be far from successful. However, there is not much rigorous evalua-
tion of such programs through imperial research, nor does it seem that the develop-
ers of these programs have any immediate intention to grant access to scholars to 
conduct any evaluation.
4.3 A need for research on program-based technologies
Given that program-based technologies in education are largely developed by 
the technology industry instead of educators or educational researchers, as well 
as a special commercial interest in the industry, those technologies have seldom 
been well-examined in an empirical way, nor have their developers been given the 
incentive to conduct considerable research or comprehensive program evaluation. 
Chan Zuckerberg’s Initiative originally planned to work with the Harvard Graduate 
School of Education to examine the effectiveness of its Summit Learning Program, 
but it was called off by the initiative before the research started [41]. By the time 
this paper was written, we still did not know, despite students’ negative emotional 
reaction toward the program, whether the program could deliver its academic 
promises. Many factors may determine the success of program-based technolo-
gies, such as the content of learning materials, the artificial intelligence or other 
algorithms to assess students’ learning progress, and the implementation in school 
settings in relation to teachers’ assistance and other school activities. Many of the 
promises of technology-enabled personalized learning do not lose their attrac-
tion because of the failure of a first attempt. Future research is urgently needed to 
comprehensively examine these new technologies.
The significance and advantage of human teachers cannot be easily replaced. 
Although knowledge can be easily accessed through program-based technologies, 
a lack of human interaction and motivation results in reduced knowledge acquisi-
tion among students. As learning is not a mechanical cognitive activity, students’ 
negative emotions could lead to not learning, which does not refer to being incapable 
of learning but a term describing the psychological state of resistance to participa-
tion in learning activities [49]. It is highly possible that program-based technologies 
could never work alone. They might need to open space to work closely with human 
teachers to be effective. Unlike tool-based technologies, which have been thor-
oughly researched, the adoption of program-based technologies has seldom been 
studied. Many do not even see the distinction between those two groups. We urge 
the industry and the scientific community to conduct more research on program-
based technologies, which will surely open a new frontier in our understanding 
of the use of educational technologies in pedagogical practices, as what it takes to 
adopt teacher-driven tool-based technologies could be vastly different from newly 
emerged algorithm-driven program-based technologies. We suggest not only to 
research the technologies themselves, including their learning contents and algo-
rithm, but also how these technologies are positioned in the ecological system in 
school and how human interaction can work together with the algorithm.
5. Conclusion and a look into the future
It has been a long-held misconception that educational technologies are homoge-
neous and they behave in a similar way in relation to teachers’ adoption and school 
implementation, among other factors. It is an oversight in the field of educational 
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research that we have seldom made any distinction in the kinds of technologies that 
have been used in schooling, instead often studying them in a singular set. This was 
not an influential mistake when most technologies used in pedagogical practices 
were tool-based technologies and indeed shared many similarities. However, with 
the recent introduction of artificial intelligence into personalized education, new 
categories of technologies have emerged that are drastically distinct from the ones 
before. Therefore, a careful categorization of educational technologies should be 
made to help us study issues on educational technology in a well-structured way. 
Educational technologies are composed of pedagogical technologies (used in direct 
participation of teaching and learning activities) and operational technologies 
(used in the operative and administrative work of teachers).
Pedagogical technologies can be further split into two groups: tool-based 
technologies and program-based technologies. Tool-based technologies are the 
most common, have a longer history, and have been well-researched. They refer 
to technologies that are not specifically designed for educational purposes and are 
versatile tools in nature. Teachers’ adoption of these technologies through a process 
of design and implementation transforms these technological tools into pedagogical 
technologies that assist in teaching and learning. Teachers are less inclined to use 
tool-based technologies if they are considered supplemental instructional tools for 
efficient lectures. On the other hand, teachers are more likely to use such technolo-
gies for student-centered constructivism learning because of technologies’ power to 
hone creative and critical thinking skills. Therefore, efficient adoption needs to be 
top-down, starting by setting learning goals that demand high-level creative skills 
instead of the mechanical acquisition of content knowledge. Suitable learning goals 
motivate teachers to see the value of developing positive attitudes toward technolo-
gies, which should fuel professional development programs, which should not only 
deliver adequate content knowledge but also create supportive and collaborative 
learning communities among preservice and in-service teachers. As such, teachers 
could be equipped with the skills, knowledge, and emotional drive to adopt tool-
based technologies.
Program-based technologies are predeveloped with learning contents that are 
delivered to students in a preprogrammed way. They leave less control to teachers 
and instead drive learning by their own artificial intelligence or other program 
algorithms. Although there has been high hope that they could replace teachers’ 
instruction to provide students with a personalized learning experience, the lack of 
human interaction often makes students feel less engaged in schooling and results 
in learning resistance. More research should be conducted in this field to study 
these technologies and the possibility of teachers working with algorithms in a more 
collaborative way instead of a either teacher or computer modal.
Technologies bring the Information Era to schools. As the economy has shifted 
from labor-demanding to innovation-demanding, learning of basic skills and 
content knowledge is far from enough. A new competence set of creativity, col-
laborative learning, and research is more valuable than ever, which translates into 
new learning goals that demand students to be innovative and proactive learners. 
Technologies can help with that, but, without question, the role of teachers is still 
critical. Technologies cannot exclude teachers but should rather work with teach-
ers to transform education from instruction-centered to student-centered. Tool-
based technologies give teachers the means to be innovative and achieve that goal. 
Program-based technologies should be developed in a way that work seamlessly 
with teachers through research-based practices, instead of repeating the failure of 
pursuing student-centered learning by replacing teachers. After all, information 
can be digitalized, but learning itself is still a very human business.
Pedagogy in Basic and Higher Education - Current Developments and Challenges
12
Author details
Perry P. Gao1*, Arvid Nagel2 and Horst Biedermann2
1 Harvard Graduate School of Education, Education Bridge Institute,  
Cambridge, USA
2 St. Gallen University of Teacher Education, St. Gallen, Switzerland
*Address all correspondence to: perry_gao@mail.harvard.edu
© 2019 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
13
Categorization of Educational Technologies as Related to Pedagogical Practices
DOI: http://dx.doi.org/10.5772/intechopen.88629
References
[1] Peck KL, Dorricutt D. Why use 
technology? Educational Leadership. 
Alexandria. 1994;51(7):11
[2] Cuban L. Oversold and Underused: 
Computers in the Classroom. Cambridge, 
MA: Harvard University Press; 2001
[3] Trends in Digital Learning: Building 
teachers’ capacity and competency to 
create new learning experiences for 
students. Project Tomorrow [Internet]. 
2017. Available from: https://tomorrow.
org/speakup/speak-up-2016-trends-
digital-learning-june-2017.html 
[Accessed: 15 July 2019]
[4] Aldunate R, Nussbaum M. Teacher 
adoption of technology. Computers in 
Human Behavior. 2013;29(3):519-524
[5] Summit Learning is spreading with 
little evidence of success [Internet]. 
Chalkbeat. 2019. Available from: https://
chalkbeat.org/posts/us/2019/01/17/
summit-learning-research-harvard/ 
[Accessed: 18 June 2019]
[6] Zhao Y, Pugh K, Sheldon S, Byers JL.  
Conditions for classroom technology 
innovations. Teachers College Record. 
2002;104(3):482-515
[7] Ertmer PA, Ottenbreit-Leftwich AT.  
Teacher technology change: How 
knowledge, confidence, beliefs, 
and culture intersect. Journal of 
Research on Technology in Education. 
2010;42(3):255-284
[8] Tondeur J, van Braak J, Sang G,  
Voogt J, Fisser P, Ottenbreit-Leftwich A.  
Preparing pre-service teachers to 
integrate technology in education: 
A synthesis of qualitative 
evidence. Computers & Education. 
2012;59(1):134-144
[9] Gray L, Thomas N, Lewis L.  
Teachers' Use of Educational Technology 
in US Public Schools: 2009. First Look. 
NCES 2010-040. National Center for 
Education Statistics; 2010
[10] Hew KF, Brush T. Integrating 
technology into K-12 teaching and 
learning: Current knowledge gaps and 
recommendations for future research. 
Educational Technology Research and 
Development. 2007;55(3):223-252
[11] Ertmer PA, Ottenbreit-Leftwich A, 
York CS. Exemplary technology-
using teachers: Perceptions of factors 
influencing success. Journal of 
Computing in Teacher Education. 
2006;23(2):55-61
[12] Putnam RT, Borko H. What do 
new views of knowledge and thinking 
have to say about research on teacher 
learning? Educational Research. 
2000;29(1):4-15
[13] Kanaya T, Light D, McMillan 
Culp K. Factors influencing outcomes 
from a technology-focused professional 
development program. Journal of 
Research on Technology in Education. 
2005;37(3):313-329
[14] Albion PR, Ertmer PA. Beyond 
the foundations: The role of vision 
and belief in teachers’ preparation for 
integration of technology. TechTrends. 
2002;46(5):34-38
[15] Zhao Y, Cziko GA. Teacher adoption 
of technology: A perceptual control 
theory perspective. Journal of Technology 
and Teacher Education. 2001;9(1):5-30
[16] Demetriadis S, Barbas A,  
Molohides A, Palaigeorgiou G, Psillos D, 
Vlahavas I, et al. “Cultures in 
negotiation”: Teachers’ acceptance/
resistance attitudes considering 
the infusion of technology into 
schools. Computers in Education. 
2003;41(1):19-37
[17] Ottenbreit-Leftwich AT, 
Glazewski KD, Newby TJ, Ertmer PA. 
Pedagogy in Basic and Higher Education - Current Developments and Challenges
14
Teacher value beliefs associated with 
using technology: Addressing 
professional and student needs. 
Computers in Education. 
2010;55(3):1321-1335
[18] Ertmer PA, Conklin D,  
Lewandowski J, Osika E, Selo M,  
Wignall E. Increasing preservice 
teachers' capacity for technology 
integration through the use of electronic 
models. Teacher Education Quarterly. 
2003;30(1):95-112
[19] Mueller J, Wood E, Willoughby T,  
Ross C, Specht J. Identifying 
discriminating variables between 
teachers who fully integrate 
computers and teachers with limited 
integration. Computers in Education. 
2008;51(4):1523-1537
[20] Subramaniam K. Teachers' 
mindsets and the integration of 
computer technology. British 
Journal of Educational Technology. 
2007;38(6):1056-1071
[21] Anthony AB, Clark LM. Examining 
dilemmas of practice associated with 
the integration of technology into 
mathematics classrooms serving 
urban students. Urban Education. 
2011;46(6):1300-1331
[22] Culp KM, Honey M, Mandinach E.  
A retrospective on twenty years of 
education technology policy. Journal 
of Educational Computing Research. 
2005;32(3):279-307
[23] Jonassen DH, Howland JL, Moore J, 
Marra RM. Learning to Solve Problems 
with Technology: A Constructivist 
Perspective. Upper Saddle River, NJ: 
Merrill; 2003
[24] Abbott JA, Faris SE. Integrating 
technology into preservice literacy 
instructions a survey of elementary 
education students’ attitudes toward 
computers. Journal of Research 
on Computing in Education. 
2000;33(2):149-161
[25] Hazzan O. Prospective high school 
mathematics teachers’ attitudes 
toward integrating computers in 
their future teaching. Journal of 
Research on Computing in Education. 
2002;35(2):213-225
[26] Howard SK. Risk-aversion: 
Understanding teachers’ resistance 
to technology integration. 
Technology, Pedagogy and Education. 
2013;22(3):357-372
[27] Lei J. Quantity versus quality: 
A new approach to examine the 
relationship between technology 
use and student outcomes. British 
Journal of Educational Technology. 
2010;41(3):455-472
[28] Tondeur J, van Braak J, Ertmer PA, 
Ottenbreit-leftwich A. Understanding 
the relationship between teachers’ 
pedagogical beliefs and technology 
use in education: A systematic review 
of qualitative evidence. Educational 
Technology Research and Development. 
2017;65(3):555-575
[29] Christensen R. Effects of technology 
integration education on the attitudes 
of teachers and students. Journal of 
Research on Technology in Education. 
2002;34(4):411-433
[30] Hennessy S, Ruthven K, Brindley S.  
Teacher perspectives on integrating ICT 
into subject teaching: Commitment, 
constraints, caution, and change. 
Journal of Curriculum Studies. 
2005;37(2):155-192
[31] Zhao Y, Frank KA. Factors 
affecting technology uses in schools: 
An ecological perspective. American 
Educational Research Journal. 
2003;40(4):807-840
[32] Gao P. Using personalized education 
to take the place of standardized 
education. Journal of Education and 
Training Studies. 2014;2(2):44-47
15
Categorization of Educational Technologies as Related to Pedagogical Practices
DOI: http://dx.doi.org/10.5772/intechopen.88629
[33] Judson E. How teachers integrate 
technology and their beliefs about 
learning: Is there a connection? Journal 
of Technology and Teacher Education. 
2006;14(3):581-597
[34] Alfelaij B. Why integrating 
technology has been unsuccessful 
in Kuwait? An exploratory study. 
E-Learning and Digital Media. 
2016;13(3-4):126-139
[35] Zhao Y. What Should Teachers 
Know about Technology: Perspectives 
and Practices. Greenwich, CT: 
Information Age; 2004;2:1
[36] Gullen K, Zimmerman H. Saving 
time with technology. Education Leader. 
2013;70(6):63-66
[37] Lim CP, Zhao Y, Tondeur J, Chai CS, 
Tsai CC. Bridging the gap: Technology 
trends and use of technology in schools. 
Journal of Educational Technology & 
Society. 2013;16(2):59-68
[38] Castells M. The Rise of the Network 
Society. Chichester, West Sussex: Wiley-
Blackwell; 2010
[39] Sharples M, Taylor J, Vavoula G. A 
theory of learning for the mobile age. In: 
Medienbildung in Neuen Kulturräumen. 
VS Verlag für Sozialwissenschaften; 
2010. pp. 87-99
[40] Johnson L, Becker SA, Cummins M, 
Estrada V, Freeman A, Hall C. NMC 
horizon report: 2016 higher education 
edition. The New Media Consortium; 
2016
[41] Bowles N. Silicon Valley Came 
to Kansas Schools. That Started a 
Rebellion. The New York Times 
[Internet]. 2019. Available from: 
https://www.nytimes.com/2019/04/21/
technology/silicon-valley-kansas-
schools.html [Accessed: 30 June 2019]
[42] Zhao Y, Tavangar H, McCarren E, 
Rshaid GF, Tucker K. The Take-Action 
Guide to World Class Learners Book 
1: How to Make Personalization and 
Student Autonomy Happen. Corwin 
Press; 2015
[43] McKnight K, O’Malley K,  
Ruzic R, Horsley MK, Franey JJ, 
Bassett K. Teaching in a digital age: 
How educators use technology to 
improve student learning. Journal of 
Research on Technology in Education. 
2016;48(3):194-211
[44] Hwang G, Sung H, Hung C, 
Huang I, Tsai C. Development of a 
personalized educational computer 
game based on students’ learning styles. 
Educational Technology, Research and 
Development. 2012;60(4):623-638
[45] Hoffman B, Nadelson L. 
Motivational engagement and video 
gaming: A mixed methods study. 
Educational Technology Research and 
Development. 2010;58(3):245-270
[46] Pane JF, Steiner ED, Baird MD, 
Hamilton LS. Continued progress: 
Promising evidence on personalized 
learning. Santa Monica, CA: RAND 
Corporation; 2015
[47] Barnum M. Don’t just talk about 
tech: How “personalized learning” 
advocates are honing their messaging. 
Chalkbeat [Internet]. 2018. Available 
from: https://www.chalkbeat.org/
posts/us/2018/04/13/dont-just-talk-
about-tech-how-personalized-learning-
advocates-are-honing-their-messaging/ 
[Accessed: 19 June 2019]
[48] Wexler N. Mark Zuckerberg’s Plan 
To “Personalize” Learning Rests on 
Shaky Ground. Forbes [Internet]. 2018. 
Available from: https://www.forbes.
com/sites/nataliewexler/2018/04/19/
mark-zuckerbergs-plan-to-personalize-
learning-rests-on-shaky-ground/ 
[Accessed: 19 June 2019]
[49] Gao P. I love to learn, but I hate to 
be taught. Journal of Education and 
Training Studies. 2014;2(3):104-107
